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SUMMARY

in the late 1960’sPinusbnaia Ten. replacedthe native Aleppo pine (Pinus halpensis
Mill.) asthe principal afforestationspeciesin the hilly Mediterraneanregionof northern
Israel. While the native Aleppo pine had many advantages,its poor growth form and
susceptibilityto Matsucoccusattackcausedforestersto shift to specieswith resistanceto
the scale. We developedequationsfor above-groundbiomassof individual trees. Trees
of different ages(15 to 27 years)were felled and sampled. Linear, logarithmic, and
non-linear regressionequationswere developed,with height and either diameterat
breast height (1.37 m) or the product of diametersquared and height as predictor
variables.

INTRODUCTION

In the late 1962’sPinus bnttia Ten,replacedtheAleppo pine (P. halepensisMill.) as the
principal afforestationspeciesin the hilly Mediterraneanregion of northern Israel.
While theAleppo pine,longregardedasthenativepine of the Galilee~Weitz,1974)had
many advantages,its poor growth form and susceptibility to the Matsucoccusscale
causedforestersto shift to resistantspecies. Pinus bruria is native to the eastern
Mediterraneanbasin(Panetsos,1981;Alemdag, 1962),andhasreplacedP. Jialepensisin
plantingon mostsites.

The goalof afforestationin Israel hasbeenamenityplantingsand erosioncontrol,but
the commercialpotentialof theseforests for charcoaland constructiontimbershasnot
beenoverlooked (Kolar, 1980; Gottfried, 1982). Only a modestamount is known,
however,about their inherent productivity. As part of an effort to stratify productivity
potentialon differentsoil types,we developedregressionequationsfor predictingabove
groundbiomassof individual Pi,msbnitia trees.

MATERIALS AND METHODS

Individual treesof different ages (15 to 27 years) on contrastingTerra Rossasoils
(derived from doloinitic limestone)and Rendzinasoils ~derivedfrom hardchalk) were
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felled. Within eachsoil type we selectedstandsrepresentinghigh and medium site
classes. Plotswere establishedin sevenstands,andtwo or threetreeswere sampledin
eachplot for a totalof seventeentrees. Averagecharacteristicsof the entire sampleare
given in TablesI and 2.

Eachtree was felled at groundlineand total height, midcrown height and live crown
length weremeasuredon the felled specimens. Discs were removedfrom the stem at
groundline,breast height (1.37 in.) and at I m intervals thereafter. Bole wood and
crownportionswereweighedgreen in the field. Approximatelya 20% sampleof the
cro~ wasweighedgreenandthen separatedinto needles,cones,and two classesof
branchesin the field and transportedto the iab for deieiiiaination of dry weight
Branchesover 5 cm dob at the basal end were classedas coarsebranches;smaller
diametermaterialwasregardedas fine branches. All samplesweredriedat 65~C.

Greenand dry weights for individual tree componentsusedin the analysisresult from
expandingthe proportionatesubsampleweights to the whole component. Threeforms
of regressionmodelsweredevelopedfor greenand dry weightsof the whole tree (live
above ground biornass).bole wood, crown (live crown), needles,fine branches,and
coarsebranches.The modelsfitted by leastsquaresregressionwere linear, logarithmic.
andexponential(non-linear)usingthe SYSTAT microcomputersoftware. Independent
variablesusedwerediameterat breastheight(dbh), height (HT), dbhsquared(D2), and
dbhsquaredtimesheight (D2H). Significancetestswereat the 0.05level.

Table 1. Rangesin characteristicsof sampletreesin northernIsrael.

I ii I A~e (year) I Diameter* (cm) Total Height (in)I
17 15-29 8.l-23.2 7.0-14.8

* Diameterbreastheight - 1.37 in.

Table 2. Averagegreenand ovendryweightsof sampletreecomp~nen4&,in kg.

Whole
Tree

Bole Crown Needles Fine
Branches

Coarse
Branches

Green 178.835 102.137 1 76.698 22.349 17.621 I 37.330
D 87.712 50.540 37.172 10.591 8.455 17.887

RESULTS

Multiple regressionequationsfor green weights with dbh, DH, D2 and D21-1 were all

significant; the adjusted R2 ranged from 0.992 for bole weight to 0.866 for fine
branches.Thecoefficientsof the independentvariables,however,werenot significant,
with oneexception. Height was a significant predictorof coarsebranchgreenweight.
Linearmodelsfor dry weightsexplainedsignificant amountsof the variancein the data
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(adjustedR2 valuesrangedfrom 0.883to 0.945). However,no regressioncoefficients
weresignificant.

All logarithmic models were significant. In all casesbut one, loge (dbh) gave the
highestadjustedR2. Bole weight again showeda significant relationshipto a variable
that includedheight, in this caseD2H. The logarithmic equationusingloge (dbh) and
loge (D2H) aregiven in Table3. Logarithmicmodelsfor dry weightsfollowed a pattern
similar to green weights. All regressionswere significant but modelswith loge (dbh)
explainedthe mostvariance. Again, theone exceptionwasthe bole weight where log
(DLH) hadthe highestR~. Logarithmnicequationsareshownin Table5.

Table3. Biomasspredictionequationsfor greenweight of Pin us brutia in northern
Israel usinga logarithmic model(In Y = a + b In X; In = natural
logarithms;Y greenweight(kg), X = dbh (cm) or D2H (cm2.m).

Dep
Variable

(n) Indep
Variable

Intercept
(a)

Slope
(b)

Adjusted
R2

Standard
error *

Total tree (17) DBH -1.055 2.299 .982 0.103
Bole (17) DBH -1.280 2.179 .967 0.132

Crown J~7)
(14)

DBH -2.371 0.342 .957 0.171
Needles DBH -3.743 2.493 .960 0.169

Fine
branches

(14) DBH -3.395 2.276 .870 0.293

Coarse
branches

(14) DBH -3.349 2.532 .945 0.203

TotalTree (17) D2H -1.804 0.889 .969 0.135
Bole (17) D2H -2.074 0.854 .981 0.100

Crown (17) D2H -3.055 0.937 .911 0.246
Needles (14) D2H -4.256 0.925 .935 0.217

Fine
branches

(14) D2H -3.724 0.826 .806 0.357

Coarse
branches

(14) D2H -3.917 0.945 .934 0.224

* Standarderrorof estimatein loge form

Two exponential models were fitted to the data, with and without an intercept.
Generally the model without an interceptconvergedto a solution faster. The model
with intercept for coarsebrancheswould not convergeto a solution due to rounding
error. The exponentialmodelswithoutconstantsaregiven in Table4.

Exponential models for dry weights are shown in Table 6. Again, models without
interceptsweremorestablethan modelswith interceptsincluded.
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Table 4. Biomassprediction equations for greenweight of Pinus brutia in northern
Israel using an exponential (non-linear) model (Y = exp (BO + Bl x DBH).

Dep variable (n) BO (SE) Bl (SE)
Total Tree (17) 2.980 (0.108) 0.142 (0.006)

Bole (17) 2.575 (0.189) 0.133 (0.010)
Crown (17) 1.910 (0.339) 0.155 (0.017)

Needles (14) 0.711 (0.160) 0.150 (0.008)
Finebranches (14) 0.378 (0.303) 0.155 (0.015)

Coursebranches (14) 0.734 (0.214) 0.176 (0.010)

* SE = Standard error

Table 5. Biomasspredictionequationsfor dry weight of Pinusbrutia in northern
Israel using a logarithmic model (In V = a + b In X; In = natural
logarithms;Y = dry weight (kg), X = dbh(cm)or D2H (cm2.m).

Dep (n) Indep Intercept Slope Adjusted Standard
Variable Variable (a) (b) R2 error*

TotalTree (17) DBH -1.812 2.314 .980 0.108
Bole (17) DBH -2.046 2.200 .975 0.115

Crown (17) DBH -3.138 2.478 .957 0.173
Needles (14) DBH -4.556 2.516 .963 0.165

Fine (14) DBH -4.214 2.304 .853 0.318
branches
Coarse (14) DBH -4.190 2.566 .922 0.248

branches

TotalTree (17) D2H -2.559 0.894 .965 0.143
Bole (17) D2H -2.826 0.859 .982 0.097

Crown (17) D2H -3.841 0.944 .915 0.242
Needles (14) D2H -5.101 0.936 .945 0.201

Fine (14) D2H -4.533 0.834 .787 0.382
branches
Coarse (14) D2H -4.771 0.958 .912 0.264

Branches
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Table 6. Biomass prediction equations for dry weight of Pinus brutia in northern
Israel using an exponential (non-linear) model V = exp (BO + * DBH).

Dep Variable (n) BO (SE) Bi (SE)
TotalTree (17) 2.114 (0.094) 0.151 (0.005)

Bole (17) 3.566 (0.072) 0.081 (0.002)
Crown (17) 1.132 (0.133) 0.158 (0.007)

Needles (14) -0.119 (0.242) 0.155 (0.012)
Fine branches (14) -0.494 (0.257) 0.162 (0.013)

Coarsebranches (14) -0.137 (0.274) 0.184 (0.013)

DISCUSSION

Despite a small sample size and the broad rangeof sitessampled,the logarithmic and
exponentialprediction modelsexplainedlarge amountsof variability. While we were
constrainedby time and other limitations from felling additional treeson which to test
the reliability of theseequations,we are usingpublisheddatafrom f~inus brutia growing
in southernTurkey (Sun et. al., 1980)to test our equations.The additional 14 trees in
this dataset representolder (38 to 107 years)and larger trees (maximum dbh = 39.8 cm.
maximmun height 18.3 in) than our sample. Preliminary results suggest that our
equations are reasonablepredictorsof whole treeandbole wood weights,both green and
ovendry. Crown weights, however, are not well-predictedby our equations as the older
trees in Turkey carry about the same size crowns as the younger trees in Israel.
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